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Industrial Wastes
BIOLOGICAL PROPERTIES AND BEHAVIORS OF
CYANOGENIC WASTES *
By Charles E. Renn
Professor of Sanitary Engineering, The Johns Bophms University, Baltimore, Md.

This paper presents a summary of
experiences with a variety of cyano
genie wastes. The work has attempted
to evaluate the interaction of waste
bearing waters and the environment
in terms of waste disposal design re
quirements. In this, the approach is
somewhat more critical than that com

limits apply under conditions of opti
mum oxygen concentrations (5 p.p.m.
D.O. or higher) and in hard, alkaline

waters.

It also was found that lactonitrile,

although showing markedly lower acute

toxicity than potassium cyanide in

alkaline water, yielded tolerance values

monly taken by fisheries biologists, only slightly less than those for po
conservationists, and others who have tassium cyanide.
The most significant experience, how
been concerned with the "preventive"
ever, relates to the action of acryloni
aspects of waste disposal.
The first phases of the work were de trile. Quite contrary to the general
signed to discover the tolerable limits opinion existing at the time of the
of certain waste components to fresh studies, it was found that small fish
water fish. This was undertaken in tolerated much higher concentrations
1950; in the interval the composition of acrylonitrile nitrogen than they
of the wastes has been greatly modified, could tolerate as cyanide or lactoni
but the findings on the tolerances to trile. The studies indicate that the
tolerable range lies near 10 p.p.m.
cyanide, to lactonitrile, and to acry
lonitrile are still pertinent, especially acrylonitrile nitrogen.
since these were conducted under con
trolled conditions that precluded loss
Tolerance Bio-Test Technique
of volatiles from the water system, and
permitted close observation of the test

animals. A brief review of the earlier
literature will show that loss of cyanide

to the atmosphere has yielded widely
divergent tolerance data.
It was found, under conditions that
precluded loss of volatile toxic compo

nents, that young fresh-water fish react

In the 1951 studies, the behavior of
seven species of young fish available
in the hard-water streams and ponds
near the U. S. Fish and Wildlife Serv
ice Fish Hatchery Research Station at
Leetown, W. Va., was examined. The
species used as test animals in the ex

periments are given in Table I, to

adversely to potassium cyanide concen gether with the symbols applied to
trations exceeding 0.03 to 0.05 p.p.m. each in graphic data from experiments
N as CN". These somewhat lower described later herein. For identifica

tion purposes it is to be noted that
"open"
symbols are used to indicate
eration of Sewage and Industrial Wastes
Assns.; Cincinnati, Ohio; Oct. 11-14, 1954. experiments with closed, continuous
* Presented at 27th Annual Meeting, Fed
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TABLE I.?Experimental Fish Species and Symbols Used
Fish

Symbol

Lepomis machrochirus

Pomoxis annularis
Lepomis auritus
Notemigonus crysoleucas
Micropterus salmoides
Pimephales promelas
Micropterus dolomieu

Running Aquarium
Water

Common Name

Species

Bluegill, bluegill sunfish, bream, blue bream,
blue sunfish

White crappie

Yellowbelly, yellowbelly sunfish, redbelly, red

breast sunfish
Golden shiner, roach, bream
Largemouth black bass
Blackhead minnow, fathead minnow
Smallmouth bass, smallmouth black bass

O

D

X

A

n
u

t

The
flow dynamic systems, and black
ormechanical design of the con
stant-flow, constant-concentration sys
"closed" symbols are used to indicate
is shown in Figure 1. Here the
aquarium-type experiments. Atems
total
coldand
water from a 15? C. spring supply
of 21 aquarium-type experiments
is first aerated and then heated to 25?
21 constant-flow, constant-concentra
C. to
fit the temperature requirements
tion-type experiments were run
with
these fish.
of summer pond acclimated fish. The
aerated water flows from a constant
Aquarium tests using relatively
head orifice control, through the closed
large volumes of water (approximately
20 1. of water per 10 fish of about 3
aquaria submerged in the heating sys
tem, at the rate of 15 1. per hour, a
g. each) were run as preliminary
rate sufficient to meet the respiratory
screening tests. Aeration applied to
these tanks appreciably reduced their
requirements of 10 small fish in the
closed 2-1. system. The test wastes
cyanide content with time, so that
constant-flow tests in closed systems
are pumped into the dilution-water
were applied to concentrations found
stream through a set of metering
pumps fed from reservoirs bearing
tolerable in the fixed aquaria.

v,CORING PUMP

WATER HEATER
LINES TO THERMOSTAT CONTROL

^"^HEATER
FIGURE 1.?Design of constant-flow, constant-concentration system for laboratory tests.
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waste concentrations made up to yield concentrations exceed 0.03 p.p.m. N,
the desired test concentration about the and that none of the test species sur
fish. Samples for dissolved oxygen and vive for 10 hr. at concentrations ex
cyanide content are taken after passing ceeding 0.06 p.p.m. N as cyanide. The
through the test vessel. Note that there criteria of tolerance established re
is no aeration of the test chamber, and quire 100 per cent survival of the

that there is no air-water interface in group of 10 fish for 10 hr. or more.
this part of the system.
It is to be noted here that the plotted
data show a sharp break in tolerance

Toxicity of Cyanide?Fish Tolerance to continuous cyanide concentrations at
about 0.05 p.p.m. N.
to Cyanide
Summary results of both aquaria

and constant-flow, constant-concentra

tion tests of potassium cyanide are

given in Figure 2. It may be seen

that in cyanide, 100 per cent survival
beyond 10 hr. is uncertain in flowing

systems bearing the white crappie when

Cyanide and Lactonitrile Tolerances

Compared

The survival of young fish in dilute

lactonitrile solutions indicates that the

tolerance level to this compound lies
only slightly higher than that of cya

200 300 400 500
MINUTES TO FIRST DEATH

FIGURE 2.?-Cyanide tolerance of test spe
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200 300

DEATH
MINUTES TO

FIGURE 3.?Lactonitrile tolerance of test species.

nide (Figure 3). Again, the data show
a sharp break in survival time with
rising concentrations, with critical con
centrations of slightly more than 0.09

p.p.m. N as lactonitrile.
The existence of steep survival-con
centration gradients suggests that fish

tolerate cyanide and lactonitrile

through successful physiological com

pensation. This is suggested, too, by

comparing the acute toxicities of cya
nide and lactonitrile nitrogen by exam

ining Figures 4 and 5, which dem
onstrate the relationship between

concentration and time of survival of

50 per cent of each test group, and

show lactonitrile to have an acute tox
icity appreciably below that of potas

sium cyanide. Both groups of data

indicate a flattening curve in the range

below 0.2 p.p.m. N.

Acrylonitrile Tolerance
At the time these studies were car
ried out the published literature on
the toxicity and animal tolerance of

acrylonitrile was in a very unsatisfac
tory state; biologists in general were
somewhat apprehensive, and this view

was shared in the original design of
these tests for fish tolerance. Daugh
erty and Garrett (1) established com
parable tolerance values for acryloni
trile and lactonitrile. It is interesting

that their projection of aqnarium-type
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test data established essentially the
same relationships between lactonitrile

Disappearance of Cyanide in
Anaerobic Soil Systems

and the less dissociated acrylonitrile
This leads to a second, less fully ex
that the author found.
plored,
but intrinsically more interest
After some time it was learned that
ing
account
of later studies. During
the test fish would tolerate relatively
the course of the toxicity studies vari
high continuing concentrations of

acrylonitrile nitrogen; within the lim ous plant run and lagoon effluents
its of these explorations, this was indi were received from the manufacturing
cated to be in excess of 10 p.p.m. (Fig process as it then existed. These dem

ure 6). Because of the caution ob onstrated a considerable decline in
served, sufficient data were not se over-all toxicity with lagoon holding;
in all cases the loss of toxicity was

cured at higher concentrations to com

pare the acute mortality levels of this
compound with lactonitrile and cya
nide, and it can only be said that the
tolerable level lies somewhere above 10
and below 18 p.p.m. acrylonitrile N.

directly associated with loss of cyanide

as shown in the Leibig analysis.
With long holding and with favor
able geography, lagooning appeared to
provide a useful degree of waste re

./..

? Xo

1?

100 150 200 290 300
MINUTES TO REDUCE TO 50% SURVIVORS

FIGURE 4.?Fifty per cent survival time
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50% SURVIVAL TIME
LACTONITRILE

100 ISO 200 290 300

MINUTES TO REDUCE TO 50% SURVIVORS

FIGURE 5.?Fifty per cent survival time in
solutions.

duction. There was concern, however,
that cyanide-rich wastes might find
their way, via the subsoil, to potable
water supplies. This led to a study of
the behavior of relatively high concen

trations of cyanide in anaerobic soil
systems, such as might be expected to

exist in the saturated subsoils below
lagoons. There was nothing in the
literature to guide expectations at the

time the studies were begun. A bat
tery of soil columns was set up and

loaded with humus-rich top soils satu
rated with 100-p.p.m. cyanide and po
tassium cyanide solution. These tubes

were sealed and connected to very

small metering pumps that fed added

potassium cyanide solution at the rate
of roughly 90 ml. per day, a rate esti

mated to yield approximately 2 per
cent volume exchange per day. Ar
rangements were made to trap the
cyanogenic effluents in strong alkali as
produced, and to prevent the entrance
of air into the system.

The results of these simple tests
were striking. The first effluents
yielded in 24 hr. were markedly lower
in cyanide than the influent, or satu
rating liquors. There was an immedi

ate reduction from a measured 98
p.p.m. in the influent to 53 p.p.m.
in the effluent. With time the cyanide

concentration of the effluent declined
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ment. At the end of 30 days, the col
umns were taken down and soil sam
ples were distilled for residual cyanide
content. This distillation was made at
the more active columns.
room temperature by forcing large
Qualitative changes also were noted. volumes of clean air through the acidi
After the second day of exposure, the fied soil samples. Maximum cyanide
color of the soil extract was appreci concentrations were obtained at the
able and it increased in density until
top of the columns at point of entrance,
at the end of the seventh and eighth
ranging from 2 to 5 p.p.m. Soil taken
days it became necessary to distill the
rapidly to reach equilibrium value of
roughly 0.4 p.p.m. at the end of 20
days. This is shown in Figure 7, which
represents the performance of one of

sample for satisfactory colorimetric de

termination. In addition, gasification
occurred within the columns, and the
gases collected at the top of the closed
systems to force out the effluent at
rates higher than the metered displace

from the bottom of the columns showed

from 0 to 1 p.p.m. cyanide. The total
it was possible to secure was less than

5 per cent of the total concentration of

cyanide anticipated from the wet con
tent of the soil columns.

200 300 400 300
MINUTES TO FIRST DEATH

FIGURE 6.?Acrylonitrile tolerance of tes
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FIGURE 7.?Loss of cyanide with soil passage; 50-day flow through.

Mechanism of Cyanide Breakdown
and the soil-cyanide solution systems

in Soil

No bacteriological studies were made
of the soils at this time, although bac
teriological activity was indicated by
the presence of gas and by the strong
buteric odor of the wet soil. It should

be noted in passing that the liquors

in the system were strongly alkaline,
both initially and after soil passage.
The influent potassium cyanide solu
tion, containing 98 p.p.m. cyanide,
showed a pH of 10.2; the irrigant pH
ranged from 9.8 to 10.2.

Superficial biotests of the effluent

from the anaerobic soil columns showed

a substantial reduction in toxicity. In
the lowest dilutions tested (1 per cent

of column effluents), the goldfish avail

able for the test showed no evidences
of cyanide poisoning over a 48-hr. pe
riod. Analytical data indicated that it
was in the range of 0.4 p.p.m.
In an attempt to establish the mecha

nism of cyanide loss in soil contact,

potassium cyanide solutions were

placed in contact with varying amounts

of soil for varying periods of time;

were subjected to varying degrees of
agitation. These tests demonstrated
that the loss of cyanide from sealed
soil-liquor systems rose with increased
amounts of soil and with time, and
that the rate of cyanide loss also in

creased with agitation. However,

where small quantities of soil were
used, substantially at the inocula levels

(1 g. of soil per 300 ml. of liquor),
very little reduction occurred in the
sealed systems (Figure 8).
It was concluded that soil processes
other than bacterial fermentation were

significant in the breakdown of cyanide

systems studied. These conclusions

were based on the following observa
tions: First, high pH of the system
(near pH 10) may be expected to in
hibit bacterial activity; second, the
levels of cyanide applied (100 to 200
p.p.m. CN) are commonly bactericidal.
Further, the changing rates of cyanide

decline in the effluent from the soil
columns are different from those an
ticipated in specialized bacterial fer
mentations. It is notable that cyanide
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assimilation is extremely rapid in the down. Destruction by fermentation is
first few days, and that the rate de also suggested by the fact that soils
used in early experiments were more
clines with time to yield very low but
persisting values in the effluent. Com active than freshly taken soils.
Relatively rapid removals of cyanide
mon experience with bacterial fermen
tations is that initial breakdown is from acrylonitrile plant wastes were
slow, that it rises with the development

secured in short contact periods of one

of the necessary flora, and that it day. Approximately 90 to 95 per cent

finally stabilizes at a rate fixed by the cyanide removal from 130-p.p.m. cya
nide solutions could be maintained over
availability of the substrate.
a period of two weeks or more. When

Effects of Soil Organic Matter on the concentrations of cyanide were
boosted to 185 p.p.m., the efficiency of
Cyanide Breakdown
A second group of soil studies dem

onstrated the following additional prin

ciples. Cyanide solutions break down

removal dropped to 85 to 90 per cent.

Disappearance of Cyanide in Sterile

Soil Systems

on contact with sandy-clay and humus

soil in sterilized systems. In sandy

A demonstration of the experience
clay type soils, the rate of breakdown with soil contact removal of cyanide
from potassium cyanide solutions is
in sterile systems is roughly the same

as in non-sterile systems. The loss given in Table II. The preparations

from solutions in contact with humus were made by sealing 200-ml. quanti
rich soils, on the other hand, is marked ties of potassium cyanide solution

and more persisting. In the latter (containing 90 p.p.m. cyanide) in
case, the continuing loss of cyanide citrate pressure bottles closed with
from the soil-waste suspensions sug glass stoppers and synthetic rubber

gests some form of biological break

washers. The control series contained
100

240 G, SOIL

90

STILL

80

70
60
30

1*0 G. SOIL
STIRRED

40
30

20
10

10 15 0 5 10 15
TIME - DAYS

FIGURE 8.?.Loss of CN~ with soil contact.

10 15
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TABLE IL?Breakdown of KCN in Contact
with Heat-Sterilized Soil

tion. In the soil-bearing, sterilized

CN~ Concentration (p.p.m.)

Test
Series

A1
B2
C3

Initial

90
90
90

Immediately After

after

Soil

After

After

Sterilization Contact 7 Days 14 Days

60
48

70

71

42
34

series, A, lost roughly 20 to 30 per

cent of the initial cyanide on steriliza

60

33
24

series C preparations, the initial loss
with sterilization is somewhat higher.
What is important is that the loss of
cyanide in these systems containing
soil continues with time, until an ulti
mate loss of 70 to 77 per cent is reached

after 14 days.

1 Control series ; KCN solution, no soil

present.
2 Unsterilized KCN solution plus 100 g. soil
per 200 ml. solution.
8 Steam-sterilized KCN solution plus 100 g.
soil per 200 ml. solution.

no soil. Those of series B were also
loaded with 100 g. of sandy clay soil,

and those in series C were set up in
the same manner. Series A prepara
tions, the control bottles, and series
C bottles were sterilized in dry steam

at 15-p.s.i. pressure for 20 min. Series
B preparations were not sterilized, but

were allowed to stand at room tem
peratures (25? C).
It may be noted that the control

In the bottles of series B, unsterilized

but bearing soil, there is little loss (in
the range of 22 per cent) in the short
term contact of preparing the mixture.

The cyanide content declines to 37 per
cent of the initial concentration after

14 days standing. The point to be

considered is that progressive loss of

cyanide occurs in both sterilized

and unsterilized soil-bearing systems.
There is no loss beyond that produced
in sterilization in systems that do not
carry soil.

Relations of Cyanide Loading Rate
upon Soil Breakdown Efficiency
Finally, it is desired to report a soil

phenomenon that is not so well de

TIME - DAYS

FIGURE 9.?Effects of heavy loading and rest on sandy-clay soil column;
1-day flow-through.
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INFLUENT B
185 PPM

INFLUENT A 130 PPM

TIME

OAYS

FIGURE 10.?Effects of heavy loading and rest on humus soil column; 1-day
flow-through.

fined, but which may have practical
initial rates. Here, roughly 25 per
significance in designing the disposal
cent of the irrigant cyanide disap
of cyanide-bearing wastes into deep
peared in transit in the remaining week

soils.
If soil columns are prepared like

of the test.
A short check test confirmed the ex

of waste-wetted soil in series with small

performance. Identical columns of

those described earlier?sealed columns

metering pumps?and these anaerobic
soil systems are fed at relatively high
rates (using 1-day flow-through times

with cyanide concentrations of 100

p.p.m.), the soils may be over
loaded so that they become inefficient

assimilative systems. This limit has

istence of loading limits for efficient

sandy-clay soil fed at one-half the rate

described before, using two day flow

through feed rates, secured much

higher cyanide reductions on passage,
and there was little or no drop in the
assimilation rate with exposure.

Early experience showed that or

been suggested earlier. Figure 9 shows
that an acrylonitrile manufacturing
waste diluted to about 100 p.p.m. cya
nide content breaks down a sandy-clay
soil column in less than two weeks at

umns this has been confirmed. Col

this loading. After 12 days the column

umns of humus-rich topsoil fed at rates

passes almost all of the cyanide that
is fed to it. This behavior is in many
ways similar to break-through in over
loaded zeolyte columns.

Effects of Resting Overloaded Soils
If the column is rested (in this case,

two days) there is a rise in cyanide
assimilation when feed is resumed at

ganic-rich soils might be expected to
assimilate cyanide at higher rates than
sand or sandy clay. In high-rate feed
through tests with anaerobic soil col
even higher than those applied to the
sandy soil columns just described show
a much higher and more persistent loss
of cyanide in transit (Figure 10A).

Within the first day of operation
uptake is apparent, and cyanide as
similation levels off to a relatively
steady 80 per cent removal from waste

solutions bearing 150 p.p.m. cyanide.
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After 10 days at this level the column possible that this experience, although
was rested for 10 days, and held limited to qualitative and descriptive
sealed. When feed was resumed, effi phases, may be useful to others, the
ciency of the system was raised to high

levels, approximately 96 per cent of
the cyanide disappearing in transit.

There was some concern over the

very slight drop in assimilative effi
ciency on the 10th to 14th days of the

resumed run. A check run with

higher concentrations of cyanide was
made on the same soil column?a form

opportunity of presenting it is wel
comed.
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DISCUSSION
By Clarence M. Tarzwell
Chief, Biology Section, Bobert A. Taft Sanitary Engineering Center,
U. S. Public Health Service, Cincinnati, Ohio

in the soil systems. It has been estab
The investigations of Dr. Renn and

his staff have produced findings which
lished that formaldehyde can be bio
are provocative and may have siglogically decomposed at a concentration
nificance for the disposal of cyanogenic
of 1,000 to 1,500 p.p.m. (1)(2). It

wastes. The soil percolation tests, has
in also been demonstrated that cya

particular, are interesting and deserve
nide does not affect the biota respon

more thorough study. Dr. Renn has
sible for stream purification as much
presented evidence to indicate that bio
as it does the higher organisms (3).
logical activity was and was not re
The initial reduction in cyanide, as
sponsible for the removal of cyanide
indicated by the curves presented by
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these studies by Dr. Renn, the Com
logical activity, but is not the type mittee on Research, Subcommittee on
which would be expected for soil ad Toxicity, Section III, Federation of
sorption. Initial adsorption and com Sewage and Industrial Wastes Associa

Dr. Renn, is too rapid for strictly bio

plexation in the soil might reduce the tions, has recommended 48-hr. or longer
cyanide content to a level at which the

studies for the determination of acute

biological utilization of the cyanide toxicity (4).
could be established. It would be de
In studies at the Sanitary Engineer
sirable to make bacteriological and ing Center it has been found that hard

microscopic studies of the effluent from ness or total alkalinity and the pH of
the soil columns. It would also be the dilution water can greatly influence
well to analyze the gas released from toxicity. It is understood that in these
tests a very hard limestone spring wa
the soil to determine if it were C2N2,

HCN, N2, C02, H2S, or other gases
or mixtures.

When cyanide is introduced into a
system it has to appear somewhere

as a cyanide or as a modified chemical

entity. Selective elution should pro
vide information on adsorption, com
plexation, or ion exchange. Gas analy
ses and biological examination should

give indications of catalytic decompo
sition or biological activity. The high

ter was used. Under these conditions

the toxicity of the test solutions would
be less than similar dilutions in a soft

water.

It also has been found that pH exerts
a tremendous effect on the toxicity of

cyanides. In his studies with nickel

cyanide complexes Doudoroff has found

that a drop from pH 8.0 to pH 6.5

increases their toxicity more than 1,000

of the effectiveness of the soil samples

times.
Another factor to be considered is
hydrolytic decomposition. If this oc
curs, the time factor (that is, the age
of the solution) deserves attention. Al
though the dilutions may be freshly
prepared and continually renewed, the
age of the stock solution pumped may

The use of a constant-flow apparatus
for the testing of continually renewed

basic medium; it decomposes, with the

consideration is a commendable feature

probably the reason why the lactoni

rate of removal (90 to 95 per cent)

over long periods of application would

seem to indicate a great adsorptive

and/or complexing power of the soils
used or a breakdown of the cyanide.
The latter is suggested by a build-up

with continued application.

dilutions of the toxic materials under

of the author's investigations. It is

felt, however, that the results would
have been more valuable had the tests
been continued for longer periods and
the median tolerance limits determined

for exposure periods of at least 48 hr.
It is doubtful if the criteria of toler
ance, 100 per cent survival of 10 fish

be another matter. Lactonitrile has
been found to be quite unstable in a

liberation of free cyanide. This is

trile solutions tested were found to be

much more toxic than acrylonitrile and
approached the toxicity of cyanide.

The data presented on the toxicity

of lactonitrile and acrylonitrile to fish

agree fairly well with those of other

investigators (5). Experiments of

hr., but severe effects manifest them
selves in 24 to 48 hr. In their report

relatively prolonged duration on the
toxicity of KCN to rainbow trout, in
volving continual renewal of test solu
tions, have been recently reported by
Herbert (6) and Herbert and Merkens
(7). The lowest concentration of cya

methods, which appeared subsequent to

this concentration, a temperature of

for 10 hr., would give an adequate
measure of acute toxicity. Some ma
terials have little or no eifect in 10
on the standardization of bioassay

nide tested was 0.07 p.p.m. CN. At
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17.5? C, and pH 7.4 to 8.0, the mean porting of results it is desirable, there
overturning time of yearling rainbow fore, to define the procedure.

trout was reported to be 74 hr. In

1934, Karsten (8) reported that all of
eight 6-in. brook trout died in 130 to
136 hr. at cyanide concentrations of
0.05 p.p.m. in continually renewed ex
perimental solutions.
In work carried out at the Center
it has been found that different tech
niques can lead to widely varying re
sults. It has been determined titration
is ineffective on low concentrations of

Cyanides can occur in industrial

wastes in the form of complex cyanides,

some of which have been shown to be
much less toxic than free cyanide in
solutions with equivalent cyanide con
tent. Further, the toxic forms of cya
nide in solutions of complex cyanides
cannot always be distinguished read
ily from the non-toxic forms and meas

ured accurately by chemical means.
At the Center the need for bioassay

cyanide or in the presence of most studies in gaining a better understand
ing of industrial waste problems has
lead to high or low results, depending been apparent for some time. It is

complexing agents ; that color tests can

upon the form of cyanide present ; and gratifying, therefore, to see the appli
that distillation methods may vary ap cation of toxicology to an actual indus

preciably in yield in the presence of
different forms of cyanide. In the re

trial waste problem as has been done
in this instance.
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